P rogesterone acting via the nuclear progesterone receptor (PR) isoforms, progesterone receptor A (PR-A) and progesterone receptor B (PR-B), is essential for the establishment and maintenance of pregnancy, and withdrawal of PR-mediated progestational actions is a principal trigger for parturition (1, 2) . In all viviparous species examined to date, disruption of PR signaling by administration of PR antagonists such as mifepristone (RU486) or onapristone (ZK98299) increases myometrial contractility and induces labor and delivery at all stages of pregnancy (3) . Because parturition in women occurs without a systemic decrease in maternal progesterone levels (4), it is hypothesized that the progesterone withdrawal trigger for human parturition is mediated by altered PR activity in uterine target cells, especially myometrial cells, to cause a functional progesterone withdrawal. Possible mechanisms for functional progesterone/PR withdrawal in myometrial cells include changes in the relative levels and function of PR isoforms (5) (6) (7) (8) , changes in the activity and level of PR coregulators (9) , and metabolism of progesterone to an inactive form that cannot bind the PR (10) . The studies described here explore the control of PR isoform abundance and function in human myometrial cells.
Human PR is encoded by a single gene (PGR) controlled by 2 promoters leading to the production of 2 principal isoforms: the full-length PR-B and the truncated (by 164 N-terminal amino acids) PR-A (11) . Both receptors bind progesterone with equal affinity and function as ligand-activated transcription factors to affect the expression of distinct cohorts of genes (12-15). Responsiveness to progesterone, therefore, represents the combined transcriptional activity of PR-A and PR-B (16) . At some gene promoters, PR-A represses the transcriptional activity of PR-B, an effect referred to as transrepression that is directly related to the abundance of PR-A relative to PR-B (i.e., the PR-A:PR-B ratio) (17) . The PR-A:PR-B ratio in human myometrium increases in association with advancing gestation and the onset of labor at term as a result of the increased abundance of PR-A (5-7). In human myometrial cell cultures, PR-A inhibits the transcriptional activity of PR-B (7, 18) suggesting that the labor-associated increase in the PR-A:PR-B ratio decreases myometrial progesterone responsiveness. Those data led to the hypothesis that the functional progesterone withdrawal trigger for human parturition involves increased abundance and transrepressive activity of PR-A in myometrial cells. In this study, we examined factors controlling the abundance and transrepressive activity of PR-A in human myometrial cells.
Multiple studies show that parturition is an inflammatory process and that labor is associated with sterile inflammation within the uterine tissue compartments (myometrium, cervix, and decidua) (19) (20) (21) (22) . We tested the hypothesis that a functional interaction exists between tissue-level inflammation and the abundance and transrepressive activity of PR-A in myometrial cells such that inflammatory signals induce parturition by affecting myometrial cell PR-A abundance and function. To this end, we used a human myometrial cell line and explant cultures of term myometrium to determine the effect of inflammatory stimuli on PR isoform abundance and activity. We found that proinflammatory stimuli increased PR-A abundance and the PR-A:PR-B ratio by increasing PR-A protein stability. Importantly, proinflammatory stimuli also increased the transrepressive effects of PR-A on PR-B independently of the PR-A:PR-B ratio. Taken together, our findings provide evidence for a functional association between inflammation and PR-A mediated functional progesterone withdrawal. We propose that tissue-level inflammation in response to multiple prolabor/stress signals (e.g., intrauterine infection, fetal stress, uterine wall distention) triggers parturition by augmenting the stability and transrepressive activity of PR-A to induce functional progesterone withdrawal.
Material and Methods

Cell culture and treatments
Generation and characterization of the human telomerase reverse transcriptase-immortalized-human myometrial (hTERT-HM)
A/B cell line have been described (23) . The cell line was derived from the hTERT-HM cell line, which was produced from a primary culture of myometrial cells derived from a term uterus (24) . hTERT-HM and hTERT-HM A/B cells are morphologically identical to primary cultures of myometrial cells derived from term myometrium and express genes typical of a myometrial cell phenotype (e.g., caldesmon, smooth muscle actin, connexin-43, oxytocin receptor) and respond to oxytocin with increased intracellular free Ca 2+ and retraction (24, 25) . As with primary myometrial cell cultures prepared from term myometrium (26) , PGR expression in the cells is low, with only a weak signal for PR-A and none for PR-B that is detectable by immunoblotting. Consequently, the cells are minimally responsive to progesterone under basal conditions (7), which is a recognized limitation of this cell line. The hTERT-HM A/B cell line was therefore produced to overcome the low level of PGR expression and as a model in which the function of PR-A and PR-B could be examined in a myometrial cell context. To do this, hTERT-HM cells (provided by Dr William Rainey, Medical College of Georgia at Augusta University, Augusta, GA) (24) were genetically modified to express PR-A and PR-B from a stably incorporated transgene controlled by independent promoters. In hTERT-HM A/B cells, abundance of PR-A is controlled by the Tet-On Advanced Inducible Expression System (Takara Bio USA, Mountain View, CA), in which expression of a PR-A transgene is induced by doxycycline (DOX; Takara Bio USA), and abundance of PR-B is controlled by the RheoSwitch system (New England Biolabs, Ipswich, MA) in which expression of a PR-B transgene is induced by diacylhydrazine (DAH; Alinda Chemical, Riga, Latvia). The PR-A and PR-B transgenes are silent in the absence of the DOX and DAH inducers and activated within 12 to 24 hours in a DOX and DAH dose-dependent manner. Thus, the PR-A:PR-B ratio can be experimentally controlled. hTERT-HM A/B cells were cultured in Dulbecco's modified Eagle medium/Ham's F12 (1:1) supplemented with 5% fetal bovine serum, 1% penicillinstreptomycin, 0.1 mg/mL geneticin, and 2 mM L-glutamine (Life Technologies, Grand Island, NY) at 37°C in a 5% CO 2 humidified incubator.
Transfection
For DNA transfection, hTERT-HM A/B cells at 80% confluence were harvested by trypsinization, pooled into an electroporation cuvette at a concentration of 1 3 10 6 cells/100 mL of mammalian smooth muscle cell transfection solution (Lonza, Walkersville, MD) containing the DNA to be transfected, and subjected to nucleofection using program A-033 in an Amaxa Nucleofector apparatus (Lonza). The cells were then replated 
Immunoblot analysis
Myometrium tissue explants were homogenized using a bead mill (Bullet Blender STORM; Next Advance, Averill Park, NY) in radioimmunoprecipitation assay buffer (Sigma, St. Louis, MO) supplemented with protease (Roche, Indianapolis, IN) and phosphatase inhibitors (Sigma), and then centrifuged at 16,000 3 g for 10 minutes at 4°C. hTERT-HM A/B cells were washed in PBS, collected by scraping and centrifugation, and then lysed in radioimmunoprecipitation assay buffer containing protease and phosphatase inhibitors, and centrifuged at 16,000 3 g for 10 minutes at 4°C. Supernatants were assayed for protein content using the bicinchoninic acid protein assay (Thermo Fisher Scientific). Lysates containing equal amounts of protein were diluted in gel loading buffer [375 mM Tris-HCl, 6% sodium dodecyl sulfate (SDS), 48% glycerol, 9% b-mercaptoethanol, and 0.03% bromophenol blue, pH 6.8], heated for 5 minutes at 100°C, and subjected to denaturing SDS polyacrylamide gel electrophoresis on precast 4% to 20% trisglycine polyacrylamide gels with the Novex electrophoresis system (Life Technologies). Proteins were then transferred to a polyvinylidene difluoride membrane (Millipore, Billerica, MA). For immunodetection, membranes were first incubated in blocking buffer [5% nonfat milk in tris-buffered saline containing 0.1% Tween-20 (Fisher Scientific, Pittsburgh, PA) (TBST)] at room temperature for 1 hour and then with primary antibodies overnight at 4°C. Antibodies included Dako catalog no. M3568 (Agilent Technologies, Santa Clara, CA) at a 1:750 dilution, which detects PR-A and PR-B with equal affinity; Santa Cruz Biotechnology catalog no. sc-32233 (Santa Cruz, CA) at a 1:50,000 dilution, which detects GAPDH; and Cell Signaling Technology catalog no. 2146 (Danvers, MA) at a 1:10,000 dilution, which detects b-tubulin ( Table 1 ). The following day, membranes were washed 3 times with TBST and incubated at room temperature for 1 hour with horseradish peroxidase-conjugated anti-mouse immunoglobulin G or antirabbit immunoglobulin G antibodies. After 3 washes with TBST, immunoreactive proteins were visualized using the HyGlo Chemiluminescent HRP Antibody Detection Reagent (Denville Scientific, South Plainfield, NJ). Chemiluminescence was detected and quantified with the FluorChem E processor (ProteinSimple, San Jose, CA). 
Luciferase assay
Statistical analysis
Data shown are representative of 3 or more time-separated experiments and are expressed as mean 6 standard error of the mean. Data were subjected to a normalcy test and groups were compared by the Wilcoxon rank-sum test. Some normally distributed data were compared by analysis of variance and Student t test. Differences were considered statistically significant when P , 0.05.
Results
Effect of progesterone on PR isoform abundance
In hTERT-HM A/B cells exposed to DOX or DAH to induce expression of the PR-A and PR-B respectively, progesterone (Sigma; 100 nM) increased the abundance of PR-A and decreased the abundance of PR-B [ Fig. 1(A) ]. In cells exposed to DOX and DAH to produce a PR-Bdominant state (i.e., PR-A:PR-B , 1), the presence of progesterone for 24 hours increased PR-A and decreased PR-B and converted the PR-A:PR-B ratio from PR-Bdominance to PR-A-dominance [i.e., PR-A:PR-B . 1; Fig. 1(B) ]. PR mRNA abundance, assessed by qRT-PCR, was not affected by progesterone (Supplemental Fig. 1 ). These outcomes suggest that progesterone affected PR-A and PR-B protein abundance via posttranslational mechanisms.
To determine whether progesterone affects the turnover of PR-A and PR-B in hTERT-HM A/B cells, immunoblot assays were performed to determine the effect of progesterone on the rate of PR-A and PR-B decay after washing cells thoroughly to remove the DOX and DAH inducers (Fig. 2) . After removal of DOX and DAH, and in the absence of progesterone, PR-A and PR-B abundance decreased such that by 48 hours, only 10% to 20% of the initial PR-A and PR-B remained. In PR-A-expressing cells, progesterone increased PR-A (by 10% to 20%, relative to levels immediately after DOX removal) during the first 12 hours, leading to an upward shift in the rate of PR-A decay and to an increase in the PR-A half-life (t 1/2 ) from ;16 hours in the absence of progesterone to ;26 hours in the presence of progesterone. After the initial increase in PR-A abundance induced by progesterone, the decay of PR-A in progesterone-and vehicle-treated cells was similar, but the absolute level of PR-A remained higher in progesterone-treated cells compared with vehicle-treated cells for the remainder of the time course.
In PR-B-expressing cells, progesterone increased the rate of PR-B decay (t 1/2 ;11 hours) compared with vehicletreated cells (t 1/2 ;17 hours), leading to a net decrease in PR-B abundance.
To determine whether PR isoform decay was mediated by the proteasome, PR-A and PR-B decay was monitored in the presence and absence of the proteasome inhibitor, MG132 (Sigma). Inhibition of proteasome activity augmented the stability (i.e., delayed the turnover) of PR-A and PR-B, indicating that PR turnover in myometrial cells is caused by proteasome-mediated degradation (Fig. 3) .
Effect of proinflammatory stimuli on PR isoform stability
Abundance of PR-A in the human pregnancy myometrium increases with advancing gestation, leading to a labor-associated increase in the PR-A:PR-B ratio (7, 8) . Because tissue-level inflammation is an integral component of the parturition cascade (20, 22) , we hypothesized that proinflammatory stimuli associated with tissue-level inflammation increase PR-A abundance in myometrial cells by augmenting the stability of PR-A. To test this hypothesis, PR decay studies were performed in hTERT-HM A/B cells induced to express equivalent levels of both
PRs by exposure to DOX and DAH for 48 hours. The cells were then washed in PBS 3 times to ensure removal of the inducers and exposed for various times to either progesterone (100 nM) alone or to progesterone and IL-1b (IL-1b; Cell Signaling Technology; 1 ng/mL) or LPS (Escherichia coli 055:B5; Sigma; 1 mg/mL). As with decay studies of cells expressing only PR-A (Fig. 2) , progesterone increased PR-A abundance during the first 4 to 8 hours, and this was not affected by IL-1b or LPS. press.endocrine.org/journal/endoHowever, compared with cells exposed to progesterone alone, IL-1b and LPS decreased PR-A decay after 4 to 8 hours, leading to a significant increase in PR-A abundance at 24 and 48 hours relative to cells exposed to progesterone alone [ Fig. 4(A) ]. PR-B decay was slightly increased by IL-1b and LPS at 24 hours and 48 hours, but overall, the effect of IL-1b and LPS on PR-B t 1/2 was small. The abundance of mRNAs encoding the PRs was not affected by IL-1b or LPS with or without progesterone and decreased to preinduction levels within 6 to 12 hours (Supplemental Fig. 1 ).
To further assess the effects of inflammatory stimuli on PR-A and PR-B protein stability, hTERT-HM A/B cells were induced to express PR-A and PR-B by exposure to DOX and DAH in the presence and absence of the progesterone agonist R5020 [promegestone: 17,21-dimethylpregna-4,9(10)-diene-3,20-dione; PerkinElmer, Waltham, MA] and increasing amounts of IL-1b for 24 hours. As expected, without inflammatory stimuli, R5020 increased the abundance of PR-A and decreased the abundance of PR-B, converting the PR-A:PR-B ratio from PR-B dominance to PR-A dominance [ Fig. 4(B) ]. R5020 also decreased the mobility of PR-A and PR-B and resulted in a doublet PR-B, which was indicative of ligandinduced phosphorylation. IL-1b further increased the press.endocrine.org/journal/endoabundance of PR-A in a dose-dependent manner but did not affect the abundance of PR-B. Thus, IL-1b increased the PR-A:PR-B ratio in myometrial cells in a milieu of a high progestin, analogous to human pregnancy. Studies were also conducted in explant cultures of myometrium obtained from the lower uterine segment of women undergoing elective cesarean section delivery. In this model system, abundance of PR isoforms and PR mRNA rapidly decrease to almost undetectable levels within 3 to 12 hours (data not shown), and we previously determined that tissue viability is maintained for up to 72 hours (27) . Decay of PR isoforms was monitored after treatments of explants with progesterone and IL-1b, or LPS, for 30 minutes, 6 hours, and 24 hours (Fig. 5) . At 30 minutes, IL-1b stabilized both PR isoforms, whereas LPS appeared to slightly stabilize PR-A. At 6 and 24 hours, only PR-A remained when progesterone and either proinflammatory stimulus was present. Unlike its effect in hTERT-HM A/B cells, progesterone alone did not affect PR-A decay in myometrium explant cultures.
Effect of inflammation on PR-A transrepression of PR-B The PR isoform switching (or PR-A/PR-B) hypothesis for functional progesterone withdrawal posits that increased PR-A abundance in myometrial cells causes functional progesterone withdrawal via PR-A-mediated transrepression of PR-B. Given that proinflammatory stimuli increased the PR-A:PR-B ratio in hTERT-HM
A/B cells to favor PR-A-dominance, we aimed to determine whether this affected the capacity for PR-A to transrepress PR-B. hTERT-HM A/B cells induced to express equivalent levels of PR-A and PR-B were transiently transfected with PRE 2 luciferase and REN-LUC and then exposed for 24 hours to progesterone (100 nM) or vehicle with or without increasing concentrations of IL-1b (25 to 100,000 pg/mL) or LPS (1 to 1000 ng/mL). As expected, progesterone increased luciferase activity in cells expressing only PR-B, and this effect was inhibited by coexpression of PR-A, demonstrating the transrepressive activity of PR-A. Exposure of PR-A/B-expressing cells to progesterone and IL-1b and LPS further decreased luciferase activity, suggesting that the transrepressive activity of PR-A was increased by the inflammatory stimuli [ Fig. 6(A) ].
There was no significant difference in luciferase activity in cells expressing only PR-B upon treatment with progesterone and IL-1b or LPS, which indicated that IL-1b and LPS augmented the transrepressive activity of PR-A rather than directly inhibiting of PR-B.
We next determined whether increased transrepressive activity of PR-A in myometrial cells induced by IL-1b and LPS was due to increased PR-A abundance and/or increased PR-A transrepressive activity independent of the PR-A:PR-B ratio. For these studies, hTERT-HM A/B cells were transfected with the PRE 2 -LUC and REN-LUC reporters and induced to express a fixed amount of PR-B and increasing amounts of PR-A by increasing the DOX concentration 13, 53, or 203, resulting in an average PR-A:PR-B of 7:1, 26:1, and 61:1, respectively. Cells were then exposed to progesterone or vehicle for 24 hours and IL-1b or LPS was added for the final 30 minutes before luciferase activity was measured. At the lowest PR-A:PR-B ratio 
Discussion
Appropriate progesterone/PR signaling is essential for the establishment and maintenance of pregnancy, and withdrawal of progesterone or disruption of PR signaling induces parturition. Because labor and delivery in women occur without a systemic decrease in maternal progesterone levels, it is hypothesized that human parturition is triggered by a physiologically controlled modulation of PR signaling that causes functional progesterone withdrawal. One mechanism for functional progesterone withdrawal is by PR-A-mediated transrepression of PR-B due, in part, to increased PR-A abundance (5) (6) (7) (8) . In this context, understanding the factors controlling the abundance and transrepressive activity of PR-A in human myometrial cells is critical for unraveling the hormonal control of human parturition. Steady-state levels of PR-A and PR-B are the net effect of PR synthesis (PGR expression controlled by the PR-A and PR-B promoters and PR mRNA processing/ translation) and the rate of PR protein degradation. Therefore, the labor-associated increase in PR-A protein in the human myometrium at term could be a result of increased transcriptional activity of PGR from the PR-A promoter, increased stability of PR mRNA by progestins (28) , and/or decreased degradation of the PR-A protein.
Previous studies have suggested that PR-A mRNA levels (estimated by qRT-PCR) in term myometrium increase several-fold with the onset of term labor, which suggests that PR-A promoter activity in myometrial cells is increased as part of the parturition process (6, 8) . PR-A transcription levels in term myometrium are increased by prostaglandins (PGs) (29) and by activating epigenetic modifications of histones such as acetylation and methylation at the PR-A promoter (8, 30, 31) . However, the PCR-based assay used to measure PR-A transcripts is problematic because it cannot discriminate between transcripts encoding PR-A and PR-B (the PR-A sequence is included in the longer PR-B transcript). We observed that in hTERT-HM A/B cells that are conditioned to express only PR-A (therefore avoiding the problem of PR-A mRNA ambiguity in the qRT-PCR assay), progesterone and proinflammatory stimuli (IL-1b and LPS) increased PR-A protein levels without a concordant increase in the abundance of PR-A mRNA (Supplemental Fig.1 ). Those findings led us to hypothesize that PR-A abundance in myometrial cells can also be affected by posttranslational processes such as changes in PR-A stability/turnover. We therefore conducted the current study to examine whether progesterone and inflammatory stimuli affect the steady-state level of PR-A in human myometrial cells via changes in PR-A protein stability/turnover. PR isoform stability is typically measured by pulse chase experiments, in which the PR isoforms are radiolabeled, followed by a chase of media containing ligands for defined time periods, and immunoprecipitated protein is monitored for decay by immunoblotting (32) . Alternatively, cell lines with stably expressed PRs (using exogenous promoters) are monitored for protein decay after ligand treatment with immunoblotting (33) . Differential PR isoform stability has not been examined in myometrial cells. We used our myometrial cell line, hTERT-HM A/B , to study the properties of each isoform independently of transcriptional contributions from the endogenous PR promoters.
Studies of PR protein turnover, performed mainly in breast cancer cell lines, have shown that degradation of the PRs through the 26S proteasome is affected by posttranslational modifications, especially site-specific serine phosphorylation and ubiquitination/sumoylation, in a cell-type and context-dependent manner (34) . PR-A stability is mediated by phosphorylation of serine 390 by glycogen synthase kinase-3b in the Brca-1-deficient mammary gland (32), whereas p38-mitogen-activated protein kinase activation stabilizes PR-A in MDA-MB-231 breast cancer cells and endometrial (Ishikawa) cells (33) . In T47D breast cancer cells, ligand binding induces phosphorylation of PR-B on serine 294, which augments its transcriptional activity and promotes its ubiquitination and degradation by the 26S proteasome (35) . This causes a paradoxical decrease in PR-B abundance in response to progesterone, even though transcriptional activity is increased. In contrast, phosphorylation of PR-A at serine 294 causes its sumoylation, which increases its stability by preventing its degradation by the proteasome (36) . In our studies, inhibition of the 26S press.endocrine.org/journal/endoproteasome almost completely inhibited the decay of PR-A and PR-B in hTERT-HM A/B cells, which suggests that proteasomal processing is the principal pathway for PR protein degradation (Fig. 3) . We also found that progesterone decreased the rate of PR-A and PR-B migration in SDS-polyacrylamide gel electrophoresis [e.g., Figs. 1 and 4(B) ], which is indicative of ligandinduced phosphorylation. Consistent with breast cancer cell studies, progesterone decreased the abundance of PR-B and increased the abundance of PR-A in hTERT-HM A/B myometrial cells, which suggests that the ligand-induced processes that affect PR isoform turnover are conserved across multiple cell types. Thus, we propose that in response to progesterone, PR-A and PR-B are differentially phosphorylated in myometrial cells such that proteasomal degradation of PR-B is increased, whereas proteasomal degradation of PR-A is decreased.
To investigate PR processing mechanisms in greater detail, decay studies were performed that took advantage of the inducible PR transgenes in hTERT-HM A/B cells (Fig. 2) . In hTERT-HM A/B cells, PR-B resides mainly in the nucleus regardless of its liganded state, whereas PR-A is predominantly cytoplasmic in the absence of progesterone and translocates to the nucleus in response to progesterone (data not shown). As expected, progesterone increased the rate of PR-B decay (t 1/2 of ;17 hours for vehicle-treated cells vs t 1/2 of ;11 hours for progesterone-treated cells). This is consistent with ligandinduced phosphorylation of PR-B, which increases the efficiency with which it is degraded by the proteasome. In contrast, we found that progesterone increased the t 1/2 of PR-A by approximately 10 hours (t 1/2 of ;26 hours in progesterone-treated cells vs ;16 hours in vehicle-treated cells). Interestingly, progesterone increased the abundance of PR-A to 10% to 20% above levels that were measured immediately after DOX removal [i.e., time-0 (t 0 )] during the first 8 to 12 hours of progesterone exposure, but thereafter, the rate of PR-A decay was similar in both progesterone-and vehicle-treated cell conditions. One possible explanation for this dynamic is that PR-A stability was increased during its transitions hours. Progesterone (P4; 100 nM) 6 increasing levels of IL-1b (25 pg/mL, 100 pg/mL, 1 ng/mL, or 100 ng/mL) or LPS (1 ng/mL, 10 ng/mL, 100 ng/mL, or 1 mg/mL) were added for the final 24 hours. from the unliganded to the liganded state, which involves a conformational change and dissociation from cytoplasmic chaperones, dimerization, and translocation to the nucleus. Once in the nucleus, processing of PR-A may be identical to that of the cytoplasmic form, causing the liganded and unliganded decay curves to be parallel. The initial transient increase in PR-A abundance would cause a right-shift in the PR-A decay curve. It should be noted, however, that in vivo and especially during pregnancy, when progesterone levels are high [100 to 200 ng/mL (318 to 636 nM; K d of the PR, ;1nM) (4)], the cytoplasmic pool of PR-A is constantly exposed to ligand and replenished by PGR expression, and as such, effects of any cytoplasm-to-nuclear transition on PR-A stability would be continuous and would not explain the labor-associated increase in PR-A. This also would explain why progesterone alone had no effect on PR-A abundance in term myometrium explants (Fig. 5) , given that the tissues were derived from the high progesterone environment.
We therefore hypothesized that other factors, especially proinflammatory stimuli, promote the parturitionassociated increase in PR-A in myometrial cells. To test this, we measured the effects of IL-1b and LPS on PR-A and PR-B stability/turnover and found that both factors increased PR-A stability in progesterone-treated hTERT-HM A/B cells and in explant cultures of term myometrium but had minimal effects on PR-B. These data suggest that inflammatory stimuli promote the labor-associated increase in PR-A abundance in term myometrium. We next examined whether IL-1b and LPS also affected the function of PR-A and especially its transrepression of PR-B.
Multiple studies in a variety of cell types show that PR-A transrepression of PR-B is directly related to its levels relative to PR-B (i.e., the PR-A:PR-B ratio). The increase in PR-A induced by proinflammatory stimuli would therefore be expected to decrease PR-B transcriptional activity in myometrial cells. To address this issue, we examined the effect of IL-1b and LPS on the capacity for PR-A to transrepress PR-B and found that IL-1b and LPS increased PR-A transrepressive activity and that this effect was independent of the PR-A:PR-B ratio (Fig. 6) . In fact, exposure to IL-1b and LPS for only 30 minutes increased the transrepressive activity of PR-A without changing the PR-A:PR-B ratio [ Fig. 6(B) ]. Importantly, IL-1b also increased the transrepressive activity of PR-A at the promoter of a progesterone/PR-B-responsive gene, FKBP5, suggesting that the PRE 2 -LUC readout is applicable to at least a subset of PR-B-responsive genes. This was also confirmed with another PR-B-responsive gene, AC069155.1, for which transrepressive activity of PR-A was also increased by IL-1b (data not shown).
These effects occurred only in cells expressing PR-A; there was no effect of IL-1b or LPS on PRE 2 -LUC activity or FKBP5 mRNA levels in cells expressing PR-B alone, suggesting that IL-1b or LPS increased PR-A transrepression of PR-B, rather than inhibiting PR-B transcriptional activity directly. Taken together, the data support the hypothesis that the transrepressive activity of PR-A in myometrial cells is stimulated by proinflammatory stimuli.
Human parturition is associated with sterile tissuelevel inflammation within the uterine tissues (myometrium, cervix, and decidua) and increased expression of proinflammatory cytokines (including IL-1b) and chemokines by myometrial cells (20, 22, (37) (38) (39) . Preterm birth is strongly associated with intrauterine infection/ inflammation (21) and is induced in animal models by treatment with IL-1b or LPS (40) (41) (42) . The current consensus, therefore, is that proinflammatory stimuli contribute causally to the human parturition process. In this context, our finding that IL-1b and LPS increased the abundance of PR-A (and the PR-A:PR-B ratio) and the capacity for PR-A to inhibit the transcriptional activity of PR-B in myometrial cells suggests that tissue-level inflammation contributes to the induction of human parturition by promoting PR-A-mediated functional progesterone withdrawal. However, progesterone is considered to be an anti-inflammatory agent, and this effect has been proposed as a mechanism by which it promotes uterine quiescence during pregnancy (43, 44) . Indeed, we (23) and others (43) have found that ligand activation of PR-B in human myometrial cells inhibits responsiveness to IL-1b and LPS. Those data support the hypothesis proposed by Sitteri et al. (44) in the 1970s that progesterone maintains pregnancy by functioning as an anti-inflammatory hormone in the uterine tissues. We propose that for most of pregnancy, progesterone via PR-B promotes uterine quiescence, at least in part, by suppressing responsiveness to proinflammatory/prolabor signals. Importantly, we found that PR-A, likely via its transrepressive activity, blocked the anti-inflammatory actions of PR-B in myometrial cells (23) . Thus, net PR-A/ PR-B activity may be a critical determinant of the inflammatory state of the pregnancy myometrium. In this context, our proposal that tissue-level inflammation induces PR-A-mediated functional progesterone withdrawal presents a "chicken-egg" conundrum: does inflammation increase PR-A, or does increased PR-A augment inflammation via suppression of PR-B? We propose that both events occur. Our working model (Fig.  7) is that for most of pregnancy, the PR-B-mediated antiinflammatory action of progesterone dominates to desensitize the myometrium to prolabor/proinflammatory stimuli, which we defined as the net inflammatory load press.endocrine.org/journal/endofrom multiple prolabor influences. However, as we propose, that inflammatory load increases during pregnancy because of the accumulating effects of factors such as uterine distention, fetal stress, and placental senescence, or in pathophysiologic states such as intrauterine infection, and an inflammatory load threshold exists which, when surpassed, triggers signaling cascades in myometrial cells, leading to increases in PR-A stability and transrepressive activity, which may cause the functional withdrawal of PR-B-mediated anti-inflammatory activity. Thus, PR-B dominates when the inflammatory load is low, and PR-A is activated when the inflammatory load exceeds a threshold level. A consequence of PR-A transrepression of PR-B is unrestrained tissuelevel inflammation within uterine tissues. This may increase the local concentration of multiple inflammatory cytokines, including PGs (mainly PGF 2a and PGE 2 ) that transform the myometrium to the laboring phenotype and promote the softening of the cervix that is required for uterine emptying. According to this model, targeting the mechanism by which inflammation augments the transrepressive activity of PR-A could be an effective therapeutic strategy to prevent and/or delay preterm birth.
